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(57) ABSTRACT 

A touch screen panel having varied region-specific combi- 
nations of resolution and touch sensitivity may also incor- 
porate display functionality. For a first embodiment of the 
invention, the majority of the screen area exhibits low 
resolution, high touch force characteristics. A smaller area of 
the screen exhibits low touch force and high resolution 
properties. For a second embodiment of the invention, at 
least a portion of the peripheral regions (i.e., regions near the 
circumferential edge) of the screen are provided with 
regions of low touch force high resolution properties. These 
regions may be programmed to act as scroll bars, which 
would allow the user to change locations in a document of 
which only a portion is displayed on the screen. In the 
central regions of the screen, higher touch force and lower 
resolution provide palm rejection and coarse marking or 
movement capability with low bandwidth utilization. Either 
the varied screen properties may be incorporated into the 
screen during its manufacture, or the screen may be designed 
so that different resolution and touch sensitivity properties 
can be assigned to different regions of the screen to suit the 
user's needs. 

23 Claims, 3 Drawing Sheets 
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TOUCH-SENSITIVE INPUT SCREEN 
HAVING REGIONAL SENSITIVITY AND 
RESOLUTION PROPERTIES 

FIELD OF THE INVENTION 

This invention relates to input screens and combined 
input/display screens for inputting and/or displaying graphic 
information in connection with a data storage and/or data 
processing system. 

BACKGROUND OF THE INVENTION 

Touch -pad display screens have found wide application in 
Personal Digital Assistants (PDAs), ultra -compact personal 
computers, with built-in operating systems, that are opti- 
mized for scheduling and other high-mobility operations. 
During the past several years, the popularity of PDAs has 
soared. Corporations such as Sharp, Casio, Philips, 
3-Comm, and Hewlett-Packard have entered the fray. Most 
have flash memory, a small liquid-crystal-display touch-pad 
screen, a user input device which may be either a barely- 
usable, miniature keyboard, and/or a touch pad incorporated 
into the screen, as well as a communications port for 
transferring files between the PDA and a less-portable 
computer. A high-end PDA may incorporate a modem and 
communications software, as well as drawing, word- 
processing and spreadsheet software. A writing stylus, or 
"pen", may be supplied, with which the user may write and 
draw on the touch-pad screen. The PDA may also be 
equipped with a menu system which requires low-resolution 
inputs, thereby allowing the user to simply touch the screen 
at selected touch key locations with his finger to select menu 
options. The touch -pad feature has great utility on a PDA, as 
nearly all PDAs are too small to incorporate a keyboard 
large enough for efficient touch typing. Thus, handwriting 
and drawings are initially stored as bit-mapped patterns. 
With writing recognition software that is supplied with many 
of the PDAs, a user's handwriting can be converted to ASCII 
text. Compared with desk-top and lap-top computer systems, 
PDAs generally have very limited memory storage capa- 
bilities. However, the average amount of memory being 
supplied with PDAs is growing rapidly. Already, PDAs with 
1 6 megabytes of flash memory are available. As it becomes 
possible to load an entire novel or textbook into the memory 
of a PDA, it is likely that they will find wide use as 
electronic editing and annotation devices. 

Lap-top computers are equipped, almost exclusively, with 
LCD displays. Within the past year, flat screen displays 
utilizing LCD technology have become sufficiently inexpen- 
sive that they are beginning to replace cathoderay-tube 
(CRT) displays used with desk-top systems. Because touch- 
pad functionality can be readily incorporated in an LCD 
display, it is likely that large numbers of both lap-top and 
desk-top systems will soon incorporate LCD display screens 
with touch-pad functionality. The incorporation of touch pad 
functionality promises to facilitate rapid user interaction 
with the computer system. For example, the computer 
system may be programmed to initiate a particular task when 
a certain letter is drawn with a finger tip or stylus on the 
touch pad. An additional example is the programming of the 
computer system so that the edges of the touch pad mimic 
on-screen scrollbars. A touch pad will also permit the user to 
enter data in handwriting and to sign documents with a 
bit-mapped copy of his signature. With the availability of 
touch-pad systems, electronic editing and annotating of 
documents will become much more widespread. There is 
little doubt that the incorporation of touch-pad functionality 
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will greatly enhance the flexibility of personal computer 
systems. TTie incorporation of the touch pad feature in a 
desktop system is expected to reduce the frequency of 
repetitive motion injuries, as little arm or wrist motion is 
5 required. 

Many different types of devices presently exist which 
utilize tactile sensing to provide inputs to a data processing 
system. These devices sense the position of a finger or stylus 
at successive intervals on a touch sensitive surface. The 

10 touch detection mechanism typically relies on localized 
changes in either conductivity or capacitance from a refer- 
ence value caused by the presence of the finger or stylus on 
or near the touch sensitive surface. A touch screen display 
typically has both horizontal and vertical scanning circuitry. 

j s The location and direction of a touch input is determined 
during the periodic scanning of both horizontal and vertical 
screen elements. For example, if a screen has 600 elements 
arrayed vertically along the screen's horizontal axis and 400 
elements arrayed horizontally along the screen's vertical 

20 axis, a capacitive change from a standard value at the 
intersection of any horizontal element and a vertical element 
will indicate a touch input at the intersection location. 

In U.S. Pat. No. 4,013,835 to Eachus, et aL, a touch pad 
is formed from a layer of a variable -resistance material, such 

25 as a silicone rubber membrane embedded with silver 
particles, which overlies a first set of parallel conductor 
strips which, in turn, overlie a second set of parallel con- 
ductor strips. Each conductor strip of the first set incorpo- 
rates a plurality of serially-connected, open rectangles. Each 

30 rectangle surrounds a center conductive island which is in 
permanent contact with a conductor strip of the second set. 
When the membrane is compressed in the area of an open 
rectangle by pressure exerted by a finger or stylus, the 
membrane becomes conductive in the compressed region, 

35 and electrical contact is made between the rectangle and the 
surrounded island. Position can be determined by sequen- 
tially scanning the both sets of conductor strips at the 
periphery of the touch pad and determining current flow 
from a conductor of the first set to a conductor of the second 

40 set. Up to a maximum value, current flow will increase with 
pressure. 

In U.S. Pat. No. 4,698,461 to Meadows, et al., a touch 
panel incorporates an upper layer of uniform resistivity. 
Panel scanning signals are applied to excite selected touch 

45 surface edges so as to establish an alternating current 
gradient across the panel surface. When the surface is 
touched, a current flows from each excited edge through the 
resistive surface and is either capacitively or conductive ly 
coupled to earth ground potential through the user's finger 

50 and body. As resistance increases with the distance from the 
edges of the panel, the touch location can be determined by 
measuring the current flows during the scanning process. 

Cirque Corporation, a company noted for its touch -pad 
sensing devices, has received several patents covering the 

ss technology which descend from U.S. application Ser. No. 
7/914,043 filed by Gerpheide, et al. On Jul. 13, 1992. One 
of the latest of these is U.S. Pat. No. 5,861,875, A touch- 
sensitive pad includes a plurality of capacitive elements 
formed by two perpendicularly-overlapping, dielectrically- 

60 insulated arrays of parallel electrode strips. The capacitive 
coupling of an object, such as a finger or stylus, to the 
capacitive elements is sensed to determine the object's 
horizontal and vertical (x and y) position with respect to the 
touch surface of the pad. This device is of interest because 

65 capacitive balance measurement circuitry and capacitive 
balance ratio determination circuitry have been included 
which increase position detection resolution beyond an 
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object's coarse position, which is a function of the separa- drawn lines are required. A drawback of a high resolution 

tion of the parallel electrode strips within the two arrays. In screen is that greater processing power is required to manage 

addition, the circuitry provides for a determination of the the resulting greater data input. 

vertical proximity of an object to the touch pad so that a Touch sensitivity, on the other hand, refers to the amount 

determination can be made as to whether or not a determi- 5 0 f pressure applied to the screen surface that is required to 

nation of the x and y position is meaningful. activate a pixel. A high level of touch sensitivity (i.e., pixels 

In U.S. Pat. No. 5,194,862 to Edwards, a sensor array are activated with low applied pressure) is useful when a 

system includes a row and column array of individual high level of dexterity is required for a given task. Sketching 

sensing elements, each of which has a bistable circuit which or handwriting, for example, are best registered on a screen 

adopts one or the other of two stable states depending on 10 having high touch sensitivity. Screens possessing low touch 

whether or not a touch input (made by either a stylus or sensitivity (i.e., pixels are activated with high applied 

finger) exists at the sensing element location. The rows of pressure) are less likely to register a touch from either 

sensing elements are periodically reset in sequence by a inadvertent touching or from resting the palms of the hands 

scanning address circuit and the states of their bistable on the screen. 

circuits are determined at regular intervals related to reset- is W hat is needed is a touch screen having varying combi- 

ting by a detection circuit using active matrix addressing of nations of resolution and touch sensitivity for different 

the sensing elements. The array of sensing elements is applications. Different combinations of these two properties 

fabricated using thin film transistor technology. The system w iu enhance the functionality of the user interface and will 

can be used as an overlay to a display device such as a matrix optimize inputs for a particular task, 

liquid crystal display screen. 20 

U.S. Pat. No. 5,122,787 to Fujita, et al., discloses a SUMMARY OF THE INVENTION 

ferroelectric liquid crystal touch panel that includes two , , , 

mutually perpendicular sets of parallel electrodes arrayed in ?f ,nv ! enU ° n mc J ude8 1 a ' , f 0 ™ 11 P an , el 

spaced-apart parallel planes. A ferroelectric liquid crystal ; ar,e k d aginations °f ^tion and touch ."nsilmty The 

positioned between the electrodes at the intersection of each » touch screen panel may also incorporate dtsplay function- 

i . j . ™ , *u i ahty. For a first embodiment of the invention, the majority 

electrode pair. The location of touch inputs on the panel are c f. .... , , . .... . f 

j 4 jl l-uj*, or the screen area exhibits low resolution, high touch force 

determined by scanning peripheral circuitry which detects . . . _ . . ... ' * ....... 

. , *• r u u * j t c t characteristics. This large area might be used for highlight- 
electromotive forces which are generated when a ferroelec- . , . , P .... & 6 
trie crystal is compressed by a Touch input. J"* ? nd H ^ »™«««"». thereby minimizing processor 
, . , _ _ „ - 30 bandwidth and providing rejection of inadvertent touchings. 
A different approach is taken by U.S. Pat. No 5 777,596 A smaHer afca of ^ scrccn exhibits low touch forcc and 

to Herbert. Touch inputs made with a finger or stylus on a w h resolution pr0 perties. This smaller area may be used for 

liquid crystal display are detected by scanning circuitry, di iul si invc . QI fof xau{ marki m The 

which continuously compares charge times of the constitu- smallef afea ma be laced ifl g COfner of ^ SCfeen where 

cnt liquid crystal elements to a reference value. The results 35 k fc unlikd tQ be inadvertentl touched For a 

of the comparison determine which elements ,n the display embodiment of the inve ntion, the peripheral regions (i.e., 

are being touched. regions near the circumferential edge) of the screen are 

The combination display and sensing device of U.S. Pat. provided with regions of high-resolution, low-touch-force 

No. 5,847,690 to Boie, et al., incorporates modified liquid properties. These regions may be programmed to act as 

crystal display elements a black matrix layer adapted for CQ scroll bars> which wcmld allow the user to change locations 

sensing screen touch locations. A scanned electrical signal in a document when only a portion of the document is 

applied to the display elements produces an output signal displayed on the screen. In the central regions of the screen, 

indicative of a touched location on the screen. lower-resolution, higher-touch-force properties provide 

Touch -sensitive display screens almost invariably require palm rejection and coarse marking or movement capability 

conductive circuit elements to be embedded within the 45 with low bandwidth utilization. 

display panel itself. Either these elements must be so deli- Either the varied screen properties may be incorporated 

cate that they do not substantially interfere with the trans- mt0 ihc d ur i ng i ls manufacture, or the screen may be 

mission or reflection of light, or they must be transparent. designed so that the varied properties are programmable by 

Indium tin oxide is one of the few known transparent solid the user In ordcr to prov id e regions on the display screen of 

materials. As such, it has found widespread use in the 50 different resolution during the manufacturing process, sev- 

manufacture of liquid crystal displays having touch- eral a pp roa ches are possible. One approach requires the 

sensitive input capability. fabrication of a smaller screen within the larger screen, with 

Display screens incorporating touch pad functionality are both the smaller and larger screens having their own dedi- 

manufactured for a wide variety of applications. Manufac- cated sensing and scanning circuitry. Different properties are 

turers design the properties of the touch screen to meet 55 incorporated into the circuitry of each screen. Another 

certain needs of the consumer. Two properties which may approach utilizes the same scanning circuitry for both high 

vary from one screen to another are resolution and touch and low-resolution regions of the screen. The screen is 

sensitivity. manufactured in such as manner so as to either accornmo- 

Resolution may be defined as the ability of the screen to date high-resolution touch sensing over the entire area of the 

resolve two nearby points on the screen. It can also be 60 screen or only in certain preset regions. If the entire screen 

defined as the smallest area on the screen surface recogniz- can accommodate high-resolution touch sensing, then the 

able as a single point or pixel. Low-resolution screens would system is programmed to use low-resolution scanning as the 

be adequate, or even desirable, for certain applications such default operational condition. When scanning in the high- 

as region selection, check boxes, or highlighting portions of resolution mode, every sensing element is scanned, 

displayed documents. High-resolution screens would be 65 However, when operating in the low-resolution scanning 

desirable for sketching, handwriting input, digital mode, only a fraction of the sensing elements are scanned, 

signatures, and any other task where precise, smoothly When a touch input is sensed in the designated high- 
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resolution regions, the system immediately switches to changes which must be effected to produce a touch screen 

high-resolution scanning. High-resolution scanning is main- display panel having the desired resolution and touch force 

tained until the system senses a touch input in a low- characteristics. The touch screen panel may also incorporate 

resolution region of the screen, at which time the system display functionality. 

reverts to low-resolution scanning. It should be readily 5 Certain types of screens, such as those of Fujita, et al. and 

apparent that multiple scanning modes can be hard-wired Herbert, incorporate both display and touch detection in a 

into the screen's scanning circuitry at the time of manufac- single array of elements. Other types of screens may require 

ture or the screen can be manufactured so that the scanning two superimposed arrays: one for the visual display, and the 

modes are programmable. Still another approach to provid- other for *°uch detection. For example, if the touch pad of 

ing for low and high-resolution detection is through the use 10 Ger pheide, et al- * s used as an overlay for a conventional 

of a balance detection system, such as that employed in the li( * uid crvstal display screen, any conductors within the 

referenced patent to Gerpheide, et al. Balance detection tcmch P ad ove »*lay should, preferably, be transparent in order 

circuitry can be activated when a touch input is sensed in the to avoid at least a partial blocking of displayed images, 

a designated high-resolution region, and deactivated when a Induim tin oxide is presently the preferred material for 

touch input is sensed in a designated low-resolution region. 15 transparent solid conductors. 

Although programmable region-specific resolution may For a first embodiment of the invention shown in FIG. 1, 

be readily implemented for most types of touch screen a touch and/or dls P la y screen 11 is mounted in within a 

panels, only certain types of touch-sensitive panels may display housing 12. The screen U is divided into two regions 

readily incorporate programmability for touch sensitivity. As havin S dlffere * 1 properties. The first region 13 incorporates 

a general rule, touch sensitivity programmability may be ™ the majority of the total display area of the screen 11. The 

implemented for only those displays for which a touch input flrst re S lon 13 exhlblts low resolution, high touch force 

results in an analog signal which varies in strength in characteristics. This large first region 13 might be used for 

proportion to the touching force or proximity of an object to annotating documents or highlighting certain portions of 

a sensing element. documents displayed on the screen 11, thereby minimizing 

^ t . . 4 , , , A 25 processor bandwidth and providing rejection of inadvertent 

Certain improvements may also be made to existing !\ , ■ „ • • • • . . , AtU 

a^- t a u *u u-r* r touchmgs. By minimizing processor bandwidth, memory 

screen designs to provide both programmability of sensitiv- ™„;„J™*/ nM m j„ ^ j At u J 

j c > r requirements are reduced and screen updates can be per- 

lty and areas of varying sensitivity at the time of manufac- P _ A . „ A „ * • +a c 

* r i * j * j formed more rapidly. A smaller second region 14 of screen 

ture. For example, screens constructed in accordance with n . .... i t . c , . . . t 4 . 

.l ■* jtt V . > . j-, . ., . A 11 exhibits low-touch-force and high-resolution properties, 

either the cited Herbert patent or the Gerpheide, et al. patent „. H M . to , r j. i ■ . 

u j./. j i_ ■ A . -i. ' , , 30 Th 15 second region 14 may be used for digital signature 

may be modified by incorporating a resilient, compressible ■ t ? i • • ( I( . jft ,,l 

i .-p, -ui . f *u i n i . input or for secunty marking input. It will be noted that the 

layer. The compressible nature of the layer will result in an \a u v ♦ 1 1 , a f a 

3 , r . . . i, ... second region 14, which is at least an order of magnitude 

analog screen output signal. Additionally, a resilient, com- „ ,, ■ ■ . . , i • 

.7, , , . . r . j * i . , . smaller in area than said major region, has been placed in a 

pressible layer having regions of vaned thickness may be * „ . J . n i . u • j - 

f j . . , ..... r r corner of the screen 11 where it is unlikely to be inadvert- 



incorporated in either screen at the time of manufacture to 
provide different levels of touch sensitivity. 



ently touched. 

For a second embodiment of the invention shown in FIG. 

DESCRIPTION OF THE DRAWINGS ^' a toucn a nd/or display screen 21 is divided into three 

regions. The first region 22 incorporates the majority of the 

FIG. 1 is a top plan view of a touch-screen display that, total display area of the screen 21. The first region 22 

except for a lower right portion which has high-resolution, 40 exhibits low-resolution, high-touch-force characteristics, 

low-touch-force properties, has low resolution, high touch This large first region 22 might be used for annotating 

force characteristics; documents or highlighting certain portions of documents 

FIG. 2 is a top plan view of a touch-screen display that, displayed on the screen 21. The second and third regions 23 

except for narrow strips along the lower and right edges and 24, respectively, are narrow bands along the right and 

which have high -resolution, low- touch-force properties, has 45 bottom peripheral edges of the screen 21 which have high- 

low resolution, high touch force characteristics; resolution, low- touch-force characteristics. The second 

FIG. 3 is a cross-sectional view of a first prior-art touch- region 23 may be programmed to act as a vertical scroll bar, 

screen display (Eachus, et al); wnile the tmrd region 24 may be programmed to act as a 

FIG. 4 is a cross-sectional view of a second prior-art ho ™^\ bar Scroll bars are typically used to scroll 

touch-screen display (Fujita, et al.); 50 ™ th / n a * 0 ™™™> d *™m> or other screen display that is 

. ' /' too large to fit on a single screen. 

FIG. 5 is a cross-sectional view of a modified third n t . . , , . , , 

. * . i /TT , . ... . hither the varied screen properties may be incorporated 

pnor-art touch-screen display (Herbert), which now incor- jnto the smm durf ^ ffl £ J qt ^ screen ^ be 

porates a resUiently compressible pad in order to prov,de desi d ^ to ^ aried rties are b 

touch sensitivity; and , f ( , b T . , .j • . . . J „ 

J ss the user. In order to provide regions on the display screen of 

FIG. 6 is a cross-sectional view of a modified fourth different resolution during the manufacturing process, two 

pnor-art touch-screen display of Gerpheide, et al., which basic approaches are possible. The first approach requires 

now incorporates a resiliently compressible pad in order to thc fabrication of a smaller screen within the larger screen, 

provide touch sensitivity. 5oth the sma n er an d larger screens having their own 

DETAILED DESCRIPTION OF THE 60 dedicated s^sing and scanning circuitry. Different proper- 

INVENTION ** eS are mcor P orate d into the circuitry of each screen. For 

screens which sense location and movement through the 

This invention includes a touch screen panel having presence of discrete switches, a greater number of switches 

varying combinations of resolution and touch sensitivity. are incorporated into the high-resolution regions of the 

The varying screen properties may be either manufactured 65 screen. For a screen which senses location and movement 

into the screen, or programmed by the user. Screen configu- with an array of capacitive devices, a greater number of such 

ration will be discussed first, followed by a description of the devices are incorporated into the high-resolution regions of 
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the screen. For example, if the array utilizes perpendicularly 
overlapping arrays of parallel conductor strips, then the 
number of conductor strips per centimeter is increased in 
one or both arrays for high-resolution regions. The second 
approach utilizes the same scanning circuitry for both high 
and low-resolution regions of the screen. The screen is 
manufactured in such as manner so as to either accommo- 
date high-resolution touch sensing over the entire area of the 
screen or only in certain preset regions. If the entire screen 
can accommodate high-resolution touch sensing, then the 
system is programmed to use low-resolution scanning as the 
default operational condition. When scanning in the high- 
resolution mode, every sensing element is scanned. 
However, when operating in the low-resolution scanning 
mode, only a fraction of the sensing elements are scanned. 
For example, if the low-resolution mode operates at one 
fourth the resolution of the high-resolution mode, every 
other horizontal sensing element and every other vertical 
sensing element would be scanned during low-resolution 
operation. When a touch input is sensed in the designated 
high -resolution regions, the system immediately switches to 
high -resolution scanning. High-resolution scanning is main- 
tained until the system senses a touch input in a low- 
resolution region of the screen, at which time the system 
reverts to low-resolution scanning. It should be readily 
apparent that multiple scanning modes can be hard -wired 
into the screen's scanning circuitry at the time of manufac- 
ture. 

The touch pad of Gerpheide, et al. (U.S. Pat. No. 5,861, 
875) employs capacitive balance to more accurately deter- 
mine the position of a touching object. This feature, in 
essence, provides resolution greater than the spacing 
between capacitive electrodes. As an ample description of its 
implementation is given in the patent with reference to 
FIGS. 10(a), 10(6), 11 and 12, that description is incorpo- 
rated herein by reference. Using the capacitive balance 
method, there is, of course, a maximum obtainable resolu- 
tion. However, balance sensitivity may be reduced below the 
maximum level to reduce resolution, if so desired. Modifi- 
cations to balance sensitivity may be made using software, 
or the setting may be hardwired into the touch pad system. 

It should also be readily apparent that the provision of 
multiple scanning modes lends itself to user programmabil- 
ity. An embodiment of this invention is the provision of 
scanning circuitry which is programmable by the user to 
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the resistance of which varies inversely with the pressure 
applied to it. A contact pad 33 in physical contact with the 
coupling layer 32 is in electrical contact with a Y-axis 
conductor 34 via a plated hole conductor 35. An open 
rectangular conductor 36, embedded within a dielectric 
material layer 37 is also in physical contact with the cou- 
pling layer 32. Electrical paths between the rectangular 
conductor 36, which is coupled to an X-axis conductor, and 
the contact pad 33 are formed by applying pressure (P) to the 
coupling layer 32 in the region of the rectangular conductor 
and contact pad 33. The Fujita, et al. device is shown in FIG. 
4, which corresponds to FIG. 1 of U.S. Pat. No. 5,122,787. 
A ferroelectric liquid crystal layer 42 is sandwiched between 
transparent counterposed electrodes 41H and 41V, which 
constitute a matrix. Position detecting means 43H and 43V, 
which may be implemented as voltage detecting operational 
amplifiers, are provided for detecting a pushed position 
through electrodes 41H and 41V by an electromotive force 
generated between those electrodes when an upper surface 
of the matrix is pushed. Display control means 44H and 44V, 
which may be implemented as driver circuits, are provided 
for controlling the display state of the liquid crystal panel 
through electrodes 41 H and 41V. Selection means 45H and 
45V, which may be implemented as array-like switching 
elements, are provided for selecting the connection of the 
position detecting means 43H and 43V and control means 
44H and 44V to electrodes 41H and 43V, respectively, in a 
time-sharing manner. When position detecting means 43H 
and 43V are connected to electrodes 41H and 41V, 
respectively, by selection means 45H and 45V, also 
respectively, the connection of the display control means 
44H and 44V to electrodes 41H and 41V is cut off. 
Conversely, then the display control means are connected to 
electrodes 41H and 41V by selection means 45H and 45V, 
the connection of position detecting means 43H and 43V to 
electrodes 41H and 41V is cut off. A further control means 
46 is provided for sending control signals to selection means 
45H and 45V. 

The Meadows, et al. device of U.S. Pat. No. 4,698,461 
and the Edwards device of U.S. Pat. No. 5,194,862, on the 
other hand, do not lend themselves to touch sensitivity 
programmability, as the detection devices for each of these 
input screens provide a digital signal. 

Referring now to FIGS. 5 and 6, with the addition of a 
compressible resilient pad on top of a screen employing 



scanning circuitry wnicn is programmaPiep y_ me user_ to 45 compressible resilient pad on top of a screen employing 
^ccommodat6>lus^ e i lner lhe Herbert device of U.S. Pat. No 5,777,596 or the 



Although touch sensitivity is readily adjustable during the 
design of a[tbuch-screen, programm ability of touch sensi- 
tivity is more complicated. Generally speaking, only certain 
types of touch -sensitive panels may incorporate program- 
mability of touch sensitivity. As a rule, touch sensitivity 
programmability may be implemented for only those dis- 
plays where a touch input results in an analog signal which 
varies in strength in proportion to the touching force. For 
example, the Eachus, et al. device of U.S. Pat. No. 4,013,835 
and the Fujita, et al, device of U.S. Pat. No. 5,122,787 lend 
themselves to programmability, as the^^Eoid for detect- 
ing a touching input may be adjusted within a fixed t fa1ig?bf 
values. Thus, in accordance with the present invention, 
touch sensitivity can be varied from one region of thescreen 



50; 



55 



to another by adjusting the capacitive couplingfthresh^d 



Gerpheide, et al. device of U.S. Pat. No. 5, 861,875, an 
analog signal will be output to sensing circuitry. FIG. 5, 
which corresponds to FIG. 3(C) of U.S. Pat. No. 5,777,596, 
shows a modified top panel glass of the Herbert display, 
modified in accordance with the present invention. The 
resilient pad 51 overlies the panel glass 52. Electrodes 53 
have been embedded within the panel glass. Regions 54, 
though not clearly identified in the patent, are probably glass 
regions diffused with a conductive dopant. FIG. 6, which 
corresponds to FIG. 4 of U.S. Pat. No. 5,861,875, shows the 
Gerpheide, et al. device, modified in accordance with the 
present invention. Two row virtual electrodes 61 form a row 
virtual dipole electrode 62, while two column virtual elec- 
trodes 63 form a column virtual dipole electrode 64. Each of 
the dipoles so formed have positive and negative halves. 



I value to a higher level whenj51ich^puts^e made tooney / Capacitive measurements for the negative row virtual dipole 



Vreg ionJhan ^ when made to ^a nother-regionr 

The Eachus, et^l~de^ic^~is~sriown in FIG. 3, which 
corresponds to FIG. 6 of U.S. Pat. No. 4,013,835. The touch 
pad is constructed from a tough, flexible, transparent insu- 
lating layer 31, which overlies a resilient coupling layer 32, 



electrode are taken at connection 68A through conductor 
67A, while measurements for the positive row dipole elec- 
trode are taken at connection 68B through conductor 67B. 
Similarly, measurements of the negative column virtual 
dipole are taken at connection 66A through conductor 65 A, 
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and measurements of the positive column virtual dipole are from overlapping first and second arrays of parallel conduc- 

taken at connection 66B through conductor 65B. A resilient tor strips, which are embedded within the screen and parallel 

compressible pad 70 has been added to the Gerpheide, et al., to an upper touchable surface, the strips of said first array 

device. As the resilient pad 70 is compressed by a finger or being positioned perpendicular with respect to the strips of 

stylus, the amplitude of the measured capacitance value will s said second array and dielectrically insulated therefrom, 

increase over a static reference value in proportion to the 9. The touch-sensitive screen of claim 8, wherein each of 

force applied to the resilient pad. Thus, the closer the finger said conductor strips is formed from indium tin oxide and 

or stylus to the sensing cells or capacitive grid of the input the screen incorporates display functionality, 

screen, the greater the variance from an untouched state 10. The touch-sensitive screen of claim 8, wherein reso- 

reference value. By providing for a software adjustable luu'on of an object's position on the touchable surface may 

vertical distance detection threshold value, touch sensitivity be enhanced by means of capacitive balance circuitry, which 

may be varied. Thus, with such a modification, a screen built is activated when a touch input is made to one region of the 

according to either Herbert or Gerpheide, et al., may incor- screen, but deactivated when made to another region, 

porate program inability of touch sensitivity. Alternatively, 11. The touch-sensitive screen of claim 10, wherein said 

regions having differing levels of touch sensitivity may be resolution may be progammably varied by a user, 

incorporated in a screen built according to either Herbert or 15 12. The touch-sensitive screen of claim 8, wherein touch 

Gerpheide, et al. by incorporating a resilient pad, 51 or 70, sensitivity is variable between regions by adjusting a capaci- 

of varying thickness. In regions where the resilient pad is tive coupling threshold value to a higher level when touch 

thicker, greater force will be required to provide the same inputs are made to one region than when made to another 

touch response achieved in regions where the resilient pad is region. 

thinner. 20 13. The touch-sensitive screen of claim 12, wherein touch 

Suffice it to say that although all touch screen types do not sensitivity is programmably varied by a user, 

lend themselves to programmability of touch sensitivity, 14. The touch-sensitive screen of claim 8, which further 

most types may incorporate regions of varied touch sensi- comprises a resilient layer overlying the face of the screen 

tivity at the time of manufacture. which is compressible to increase capacitive coupling 

Although only several embodiments of the invention have 25 between an object touching the screen and said position 

been heretofore described, it will be obvious to those having detection elements. 

ordinary skill in the art that changes and modifications may I 5 - A touch-sensitive display screen for providing data 

be made thereto without departing from the scope and the input to a data processing system, said screen comprising: 

spirit of the invention as hereinafter claimed. a major screen region and at least one minor screen 

What is claimed is: 30 region, said minor screen region having different reso- 

1. A touch -sensitive screen for providing data input to a lution and touch force detection properties than said 
data processing system, said touch-sensitive screen com- major screen region; 

prising: a matrix of touch sensing elements which are periodically 

a major screen region; at least one contiguous, non- scanned both horizontally and vertically in order to 

overlapping minor screen region, said minor screen 35 detect changing x and y positions of a touch input; and 

region having different touch and different force detec- wherein resolution is varied between regions by varying 

tion resolution properties than said major screen region, the percentage of sensing elements scanned during a 

each screen region responsive to a touch input of a single scanning operation in response to a determina- 

finger or stylus in that region; and tion of in which region the touch input has occurred, 

a matrix of touch sensing elements which are periodically 40 16. The touch-sensitive display screen of claim 15, 

scanned both horizontally and vertically in order to wherein said minor screen region has higher resolution and 

detect changing x and y positions of a touch input, and responds to a lower touch force threshold than said major 

wherein the resolution is varied between screen regions screen region, and is located in a comer of said screen, 

by varying the percentage of sensing elements scanned 17. The touch-sensitive screen of claim 15, wherein a first 

during a single scanning operation in response to a 45 minor region is positioned along a horizontal edge of said 

determination of in which region the touch input has screen and is programmed to function as a horizontal 

occurred, scrollbar, a second minor region is positioned along a 

2. The touch-sensitive screen of claim 1, wherein said vertical edge of said screen and is programmed to function 
screen incorporates image display capability. as a vertical scrollbar, and each minor region has higher 

3. The touch-sensitive screen of claim 1, wherein said 50 resolution and responds to a lower touch force threshold 
minor screen region has higher resolution and responds to a than said major screen region. 

lower touch force threshold than said major screen region. 18. The touch-sensitive screen of claim 15, wherein touch 

4. The touch-sensitive screen of claim 3, wherein said inputs are detected by position detection elements formed 
minor region is in located in a corner of said screen, from overlapping first and second arrays of parallel, sub- 

5. The touch-sensitive screen of claim 3, wherein said 55 stantially transparent conductor strips, which are embedded 
minor region is about an order of magnitude smaller in area within the screen and parallel to an upper touchable surface, 
than said major region. the strips of said first array being positioned perpendicular 

6. The touch-sensitive screen of claim 1, where a first with respect to the strips of said second array and dielectri- 
minor region is positioned along a horizontal edge of said cally insulated therefrom. 

screen and a second minor region is positioned along a 60 19. The touch-sensitive screen of claim 18, wherein 

vertical edge of said screen. resolution of an object's position on the touchable surface 

7. The touch-sensitive screen of claim 6, wherein each of may be enhanced by means of capacitive balance circuitry, 
said minor regions possesses higher resolution than said which is activated when a touch input is made to one region 
major region, and each minor region is functionable as a of the screen, but deactivated when made to another region 
scrollbar. 65 of the screen. 

8. The touch -sensitive screen of claim 1, wherein touch 20. The touch-sensitive screen of claim 19, wherein said 
inputs are detected by position detection elements formed resolution may be programmably varied by a user. 
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21. The touch- sensitive screen of claim 18, wherein touch 23. The touch -sensitive screen of claim 18, which further 
sensitivity is variable between regions by adjusting a capaci- comprises a resilient layer overlying the face of the screen 
tive coupling threshold value to a-higher level when touch which is compressible to increase capacitive coupling 
inputs are made to one region than when made to another between an object touching the screen and said position 
region. s detection elements. 

22. The touch-sensitive screen of claim 21, wherein touch 

sensitivity is programmably variable by a user. ***** 
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